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The present invention is related to polynucleotide molecules and to their use for production of desired products after introduction into 
human or animal cells. In addition, the present invention is concerned with pharmaceutical compositions comprising said polynucleotide 
molecules and their use in prophylactic or therapeutic treatment methods. The present invention is also related to use of such polynucleotide 
molecules in animals to achieve expression of desired products, which can be recovered from the animal but do not give rise to any 
beneficial, e.g. therapeutical, activity in the said animal. More specifically, the present invention is directed to alphavirus cDNA vectors 
comprised of recombinant cDNA consisting of cDNA derived from an alphavirus and heterologous, i.e. foreign, cDNA coding for a desired 
substance. 
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Alphavirus cDNA Vectors. 

• The present invention is related to polynucleotide 
molecules and. to their use for production of .desired- . 
products after introduction into human or animal cells. 
In addition, the present invention is conc€..:r»ed with 
pharmaceutical compositions comprising said poly- 
nucleotide molecules and their use in prophylactic or 
therapeutic treatment methods. The present invention is 
also related to use of such polynucleotide molecules in 
animals to achieve expression of desired products, 
which can be recovered from the animal but do not give 
rise to any beneficial, e.g. therapeutical, activity in 
the said animal. 

More specifically, the present invention is directed 
to alphavirus cDNA vectors comprised of recombinant 
cDNA consisting of cDNA derived from an alphavirus and 
heterologous, i.e. foreign, cDNA coding for a desired 
substance . 

Alphavirus is a genus belonging to the family Togavi- 
ridae having single stranded RNA genomes of positive 
polarity enclosed in a nucleocapsid surrounded by an 
envelope containing viral spike proteins. 

The Alphavirus genus comprises among others the 
Sindbis virus, the Semliki Forest virus (SFV) , the Ross 
River virus and Venezuelan, Western and Eastern equine 
encephalitis viruses, which are all closely related. In 
particular, the Sindbis and the Semliki Forest viruses 
have been widely studied and the life cycle, mode of 
replication, etc, of these viruses are well known and 
thus, need not to be specifically discussed herein. 

Alphaviruses replicate very efficiently in animal 
cells which makes them valuable as vectors for produc- 
tion of protein and nucleic acids in such cells. 

Expression systems based on the Sindbis virus are 
disclosed in US-A-5 091 309 and US-A-5 217 879. The 
Sindbis virus vectors of US-A-5 091 309 comprise RNA 
derived from Sindbis defective interfering (DI) RNA 
having heterologous RNA inserted therein. 
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In US-A~5 217 879 sel f - replicating and self - packaging 
recombinant Sindbis, virus RNA molecules are disclosed ■ 
comprising a heterologous coding sequence and at least 
one Sindbis virus juncLlon region able to direct Sind- 
5 bis virus subgenomic messenger RNA synthesis in a host 

cell. RNA transcripts are synthesized in vitro by tran- 
scription of Sindbis virus cDNA which has been inserted 
in a plasmid under control of a promoter, such as SPG. 
The SPG promoter and other promoters disclosed in con- 

10 nection with cDNA transcription are not functional in 

animal or human cells. 

In WO 92/10578 (Garoff and Liljestrom) an expression 
system based on alphaviruses is disclosed. An illus- 
trative example of such viruses is the Semliki Forest 

15 virus (SFV) . Earlier it was reported that a full-sized 

cDNA copy of the SFV RNA genome was contructed (Journal 
of Virology, Volume 65, pages 4107-4113, 1991) . This 
was engineered into an SPG transcription vector from 
which full -sized SFV genomic RNA molecules can be tran- 

20 scribed in vitro. The RNA can be transfected into ani- 

mal cells, in which cells the RNA molecules will sup- 
port normal wild-type virus infection, since the RNA 
molecules are of positive polarity and can function as 
messenger RNA molecules in the cells. Upon transfec- 

25 tion, the first portion of the genome is translated 

into a polyprotein which self-cleaves into four non- 
structural proteins (nsPl-nsP4 ). These proteins consti- 
tute the alphavirus replicase and are responsible for 
the production of new full-length genomic RNA molecules 

30 as well as of a subgenomic RNA species starting from an 

internal promoter {26S promoter) . They are also respon- 
sible for the capping of the 5' end of the new RNA 
molecules. The pSFV4 cDNA plasmid was further engine- 
ered into a general DNA expression plasmid by deleting 

35 portions of the coding region for the structural pro- 

teins and replacing such deleted portions with a linker 
region for insertion of foreign coding sequences 
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(Bio/Technology, Volume 9, pages 1356-1361, 1991; 
■ Bio/Technology, Volume .11, pages 916-920/1993). When' 
foreign DNA coding sequences are inserted into these 
vt.:"ors, high amounts of foreign protein are obtained 
5 when virus structural proteins are translated from the 

RNA subgenome made by the alphavirus replicase. 

According to WO 92/10578, an RNA molecule is pro- 
vided, which is derived from an alphavirus RNA genome 
and is capable of efficient infection of animal cells, 

10 which RNA molecule comprises the complete alphavirus 

genome regions, which are essential for replication of 
the said alpha-virus RNA, and further comprises an 
exogenous RNA sequence capable of expressing its func- 
tion in said host cell, said exogenous RNA sequence 

15 being inserted into a region of the RNA molecule which 

is non-essential to replication thereof. According to 
WO 92/10578 such RNA molecules can be transferred into 
animal cells by any means of transfection or by packa- 
ging of said RNA molecules into infectious alphavirus 

20 particles for later infection of animal cells. In both 

cases the transfected or infected RNA molecule will be 
able to replicate within the target animal cell and to 
express the exogenus RNA sequences inserted into said 
RNA molecule. Such molecules and strategies for their 

25 expression within the cell can be used as vaccines or 

strategies to vaccinate in order to prevent or treat 
infection or cancer. 

Since it is difficult to engineer RNA molecules by 
current genetic engineering technology, manipulations 

30 of the Alphavirus genome, such as insertion of hetero- 

logous coding sequences, have been conducted on the 
corresponding cDNA molecule. Subsequently, the engine- 
ered cDNA molecule has been transcribed in vitro and 
the RNA transcripts obtained have been used to trans- 

35 form cells. These constructs comprising the engineered 

cDNA molecule cannot be transcribed in animal or human 
cells since the promoters used for transcriptional 
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control is not functional in such cells. 

Obviously, it would be to advantage if the cDNA' 
molecule could be used per se to transform cells and 
achieve expression of a desired substance in these 
5 cells. 

WO 90/11092' describes the use of naked polynucleo- 
tides as a pharmaceutical which operatively codes for a 
biologically active peptide. Such molecules are pro- 
posed to be injected into tissue for the in vivo ex- 

10 pression of said peptide. Specifically, it is claimed 

that the polynucleotide is DNA and that the peptide may 
function as an antigen, and may thus be used as a vac- 
cine (see also Science, Volume 259, pages 1745-1749; 
DNA and Cell Biology, Volume 12, number 9, entire vol- 

15 ume, 1993) . However, recombinant viral cDNA constructs 

comprising heterologous coding sequences which can be 
expressed in animal and human cells are not disclosed, 
therein, nor is a cDNA construct disclosed, which is 
transcribed into self -replicating RNA encoding the rep- 

20 licase necessary for its replication. Even though, use 

of DNA coding for a polypeptide and for a polymerase 
for transcribing the DNA is disclosed in 
WO 90/11092, the initial quantity of polymerase is 
provided by including mRNA coding therefore in the pre- 

25 paration, which mRNA is translated by the cell. 

Thus, it is an object of the present invention to 
provide a recombinant cDNA molecule complementary to an 
alphavirus RNA and comprising an exogenous cDNA 
sequence, which molecule can be introduced into animal 

30 or human cells to achieve transcription or expression 

of said cDNA, desired products such as polynucleotides 
or proteins being produced in cells harbouring the 
cDNA-molecule . 

In accordance with the present invention, this object 

35 is achieved by placing the complete cDNA molecule under 

transcriptional control of a promoter sequence func- 
tional in an animal or human cell. Said promoter 
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sequence will initiate transcription by the DNA-depen- 
dent RNA polymerase encoded by -the host Cell, i.e." the' 
animal or human cell harbouring the said cDNA molecule. 
Accordingly, the present invention is concerned with 
5 a cDNA molecule complementary to at least part of an 

alphavirus RNA genome, which cDNA molecule comprises 
the complement of the complete alphavirus RNA genome 
regions, which are essential for replication of the 
said alphavirus RNA, and further comprises an exogenous 

10 cDNA sequence capable of expressing its function in an 

animal or human host cell, said exogenous cDNA sequence 
being inserted into a region of the cDNA molecule, 
which is non-essential to replication thereof, and said 
cDNA molecule being placed under transcriptional con- 

15 trol of a promoter sequence functional in said animal 

or human cell. 

The promoter sequence of the present invention may 
comprise a promoter of eulcaryotic or prokaryotic ori- 
gin. The promoter region may also include control 

20 elements for repression or enhancement of transcrip- 

tion. Suitable promoters are the cytomegalovirus imme- 
diate early promoter (pCMV) and the Rous sarcoma virus 
long- terminal repeat promoter (pRSV) , since, in the 
case of these and similar promoters, transcription is 

25 performed by the DNA-dependent RNA polymerase of the 

host cell. Also the SPG, T3 or T7 promoters can be used 
provided that the cell has beforehand been transformed 
with genes encoding SPG, T3 or T7 RNA polymerase mole- 
cules which are either inserted into the chromosome or 

30 remain episomal. Expression of these (SPG, T3 , T7) RNA 

polymerase-encoding genes is dependent on the host cell 
DNA-dependent RNA polymerase. 

According to the present invention, the exogenous 
cDNA insert comprises the coding sequence for a desired 

35 product, suitable a biologically active protein or 

polypeptide, e.g. an immunogenic or antigenic protein 
cr polypeptide, or a therapeutically active protein or 
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In accordance with' another aspect of the invention; 
the exogenous cDNA insert comprises a sequence comple- 
me.'itary to an RNA sequence, such as an anti- sense RNA 
5 sequence, which antisense sequence can be administered 

to an individual to inhibit translation of a complemen- 
tary polynucleotide in cells of the said individual. 
The exogenous cDNA may also comprise additional 
sequences, such as a sequence complementary to an RNA 

10 sequence which is a self -cleaving ribozyme sequence. 

Suitably, the cDNA insert of the present invention is 
comprised of an integral sequence but the occurrence of 
interrupting viral sequence (s) is not precluded. 

As per definition, in vitro means a process performed 

15 outside a living organism as opposed to in vivo which 

means that a process is performed inside a living 
organism. According to the present invention, a living 
organism is intended also to include living cells, such 
as cultured eukaryotic or prokaryotic cells. 

20 In accordance with the present invention "transform- 

ation" is intended to mean introduction in general of 
exogenous polynucleotides sequences into the interior 
of a cell, eukaryotic or prokaryotic, and the exogenous 
polynucleotide sequence may remain extrachromosomal 

25 (episomal) or may be stably integrated into the cell 

genome. The mode of transformation is not crucial, but 
any means, known at present or that may be developed in 
the future, can be used according to the invention. 

The present alphavirus cDNA vector is based on cDNA, 

30 which is complementary to an alphavirus RNA sequence. 

Once transcribed from the cDNA under transcriptional 
control of the heterologous promoter, the alphavirus 
RNA will be able to self -replicate by means of its own 
replicase and thereby amplifying the copy number of the 

35 transcribed recombinant RNA molecules. The replicase 

will also cap the 5' ends of each of these molecules. 
As a result of these events, high levels of expression 
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of the heterologous insert cDNA sequences can be 
obtained in' vivo in the' animal or human individual. 

Contrary to WO 92/10578, the present invention is 
directed to a cDNA construct, which can be int:: educed 
5 and transcribed per se in animal or human cells, rather 

than to RNA constructs. However, once the cDNA has been 
transcribed into RNA subsequent replicative steps and 
gene expression are in principle the same as described 
for vectors in WO 92/10578. The disclosure of WO 92/10- 
10 578 is included in this application by reference there- 

to. 

In the following, a suitable embodiment of the pres- 
ent invention is disclosed to illustrate the present 
invention without restriction thereof. According to 

15 this embodiment, a cDNA molecule comprising nucleotides 

1 through 8265 of pSFVl (WO 92/10578 and 
Bio/Technology, Volume 9, pages 1356-1361, 1991), 
containing a heterologous insert e.g. encoding a viral 
antigen (such as the influenza hemagglutinin protein, 

20 influenza nucleoprotein, HIV-1 envelope protein, HIV-1 

gag-pol, HIV-1 nef ) , or a therapeutic protein (such as 
human growth hormone, interleukin-2 , erythropoietin, or 
factor -VIII) , or a ribozyme or anti-sense RNA, 
functionally inserted downstream of the alphavirus 

25 subgenomic promoter, is cloned under the CMV promoter 

in a plasmid in such a way, that the expression of the 
cDNA insert is driven by the CMV promoter. Downstream 
from the 3' end of the cDNA insert, a transcription 
termination signal (e.g. derived from SV40) is 

30 positioned to stop tran- 

scription. When this plasmid is transferred into an 
animal cell, the CMV promoter will guide the transcrip- 
tion of the cDNA insert with its heterologous insert to 
form one long RNA molecule. This will be transported to 

35 the cytoplasm where it is used as mRNA for translation 

of the nonstructural replicase proteins of the SFV 
vector. Since the initially transcribed RNA molecule 
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carries sequences required for its replication, the 
replicase- proteins will subsequently initiate repli-* 
cation of the RNA molecule to minus strand intermedi- 
ates. Subsequently, the STV replicase will use the 
5 internal 26S promoter on the minus strand of the recom- 

binant RNA molecule to produce the messenger RNA mole- 
cule encoding the heterologous protein or giving rise 
to RNA. The RNA replicative events have been- described 
in more detail in WO 92/10578. 

10 Efficient replication of the alphavirus genome is 

known to require proper 5 'and 3 "ends. 

Thus, according to a suitable embodiment of the 
invention a self -cleaving ribozyme sequence is inserted 
within the end region of the cDNA insert. This ribozyme 

15 molecule is positioned at the 3 'end of the alphavirus 

genomic sequence in such a way that it, when cleaved, 
will generate the proper alphavirus 3 'end. Accordingly, 
when the primary transcript has been made and elonga- 
tion terminated at the transciption stop signal (e g 

20 SV40) , the ribozyme sequence, carried within the 3'end 

domain of the transcipt will self-cleave to generate 
the proper 3'end. 

In accordance with another embodiment of the present 
invention an exact 3'end of the alphavirus RNA molecule 

25 is achieved with use of linearized cDNA molecules for 

the initial transf ection. Thus, synthesis from the 
promoter will result in run-off transcription giving 
molecules with proper 3 'ends. 

In accordance with a suitable embodiment of the 

3 0 invention, in the recombinant cDNA the alphavirus 

derived cDNA molecule regions comprise sequences 
complementary to a 5 ' terminal portion, the coding 
region (s) for non-structural proteins required for RNA 
replication, the subgenome promoter region and a 

35 3 'terminal portion of said viral RNA. 

Another embodiment of the invention is concerned with 
a recombinant cDNA, wherein the exogenous cDNA sequence 
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encodes a foreign polypeptide or gives rise to RNA^ 
'said sequence being integrated into, the cDNA 

complementary to the alphavirus subgenomic RNA sub- 
stituring one or more nucleotides thereof. 
5 A further embodiment of the invention is related to a 

recombinant cDNA, wherein the exogenous cDNA sequence 
encodes a foreign polypeptide or gives rise to RNA; 
said sequence being integrated into the alphavirus 
subgenomic RNA without substituting any nucleotides 

10. thereof. 

A broad range of host cells of animal (including 
human) origin can be used according to the present 
invention. Such host cells can be selected from avian, 
mammalian, amphibian, insect and fish cells. Illustra- 

15 tive of mammalian cells are human, monkey, hamster, 

mouse and porcine cells. Suitable avian cells are 
chicken cells. 

The present cDNA molecules can be used for the treat- 
ment of infectious disease, cancer or metabolic dis- 

20 order or other types of deficiencies in animals and 

humans. They can also be used for prophylactic treat- 
ment or vaccination of animals or humans to prevent 
infectious disease or cancer. The molecules constitute 
themselves pharmaceuticals, which operatively code for 

25 a biologically active polypeptide or give rise to bio- 

logically active polynucleotides, such as antisense 
RNA, and can be administered directly as such or in 
combination with other compounds into the animal or 
human for the expression of the desired sequences. 

30 According to one aspect of the invention, said mole- 

cules are used as naked plasmid cDNA molecules and can 
be administered by intramuscular, intradermal, intra- 
nasal, epidermal, mucosal, intravenous route or any 
other route. 

35 In accordance with another aspect of the invention, 

the present molecules are mixed with lipids or other 
compounds to enhance delivery (Trends in Biotechnology, 
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Volume 11, pages 211-215, 1993) . The cDNA can also be 
linked to other carrier molecules which bind to cellu- 
lar receptors for uptake into cells (Trends in Biotech- 
nology, Volume 11, pages 202-205, 1993) . Such c^,':fl?ined . 
5 strategies can be used by any route of administration. 

The naked cDNA can also be administered by the means of 
particle bombardment (Current Opinion in Biotechnology, 
Volume 4, pages 583-590, 1993) 

Moreover, the present cDNA polynucleotide can be 

10 administered as part of the genome of another virus, 

such as a retrovirus. It has been shown earlier that 
the alphavirus replicase, when produced from a hetero- 
logous viral promoter can efficiently perform replica- 
tion of alphavirus RNA molecules (Journal of Virology, 

15 Volume 65, pages 6714-6723, 1991; Virus Research, Vol- 

ume 23, pages 209-222, 1992). 

The present invention is also related to a method, 
wherein the present cDNA, or the cultured cells com- 
prising this cDNA, is (are) introduced into an animal 

2 0 to produce a product by expression of said cDNA, which 

product can be recovered from the animal and which 
product has no effect, which is beneficial to the 
individual animal, wherein it is produced. Suitably, 
the expression product is secreted into a body fluid, 
25 such as blood, milk or ascites, and is recovered by 

collection of said fluid. In accordance with one 
embodiment of this method, the expression product has 
therapeutic or prophylactic activity and is recovered 
in a body fluid, such as milk. 

3 0 In another embodiment of this method, expression of a 

cDNA, comprising exogenous cDNA coding for an 
immunogenic or antigenic protein or polypeptide, is 
achieved and elicits an antibody response, antibodies 
being collected from the animal in a body fluid, such 
35 as whole blood, serum or ascites. 

According to a further embodiment of this method, the 
cDNA comprises exogenous cDNA coding for an antigenic 
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determinant, antigens or immunogens being produced by 
expression of -the cDNA and recovered from the animal in 
a body fluid, such as whole blood or serum. 

DESCRIPTION 07 THE DRAWINGS 
Figure 1: A DNA/RNA layered system. A DNA vector 
according to one embodiment of the present invention is 
illustrated where the SFV cDNA encoding the SFV rep- 
licase proteins (REPLICASE GENES) is cloned under the 
CMV promoter (pCMV) . The exogenous genes (EXOGENOUS 
SEQUENCE) are inserted after the replicase region, 
under the subgenomic promoter of SFV. The 5' and 3' 
sequences required for replication of the SFV RNA are 
indicated by black boxes. The SFV derived sequences end 
by the poly-A sequence (A) . The self -cleaving ribozyme 
sequence (R) is situated immediately after the poly-A 
sequence. Sequences required for termination of tran- 
scription {from pCMV) and polyadenylation of the tran- 
script are placed last in the construct (TRANSCRIPTION 
TERMINATION) . The first event is the transcription, 
from pCMV, of the full-length construct. This leads to 
the production of a RNA molecule which is of positive 
polarity with respect to the replicase genes, i.e. the 
RNA can function as a mRNA for the translation of the 
replicase proteins (1) . Immediately after transcrip- 
tion, the ribozyme cleaves itself off the chain (2) . 
The resulting RNA molecule is transported to the cyto- 
plasm of the cell (3) . In the cytoplasm, the first part 
of the RNA is translated to produce the SFV replicase 
(REP) . This replicase will then copy the complete RNA 
to minus-strand intermediates (4) . The minus-strand 
intermediates will then serve as templates for produc- 
tion, by the SFV replicase, of new full-length positive 
strand RNA molecules (5) , which subsequently can be 
used for new rounds of minus-strand synthesis thus 
amplifying the overall production of the desired pro- 
duct (7) . The minus-strand intermediates also serve as 
templates for production of another species of RNA, 
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initiation of synthesis occurring at the SFV subgenomic 
promoter (right -ward. arrow) (6),, This exogenous RNA 
either encodes the desired exogenous protein, or alter- 
natively.- may itself constitute the desired end-product 
5 (such as a ribozyme or an anti- sense molecule) (8) . 

Figure 2: Alphavirus cDNA polynucleotide under the 
transcriptional control of a heterologous promoter. A, 
a heterologous promoter such as pCMV, pRSV, SP6; B, 5' 
end of alphavirus genomic RNA including sequences 

10 required for replication of said RNA; C, genomic region 

of alphavirus nonstructural region encoding the re- 
plicase proteins nsPl, nsP2, nsP3 and nsP4; D, sub- 
genomic promoter (26S) of an alphavirus; E, heterolo- 
gous cDNA sequence functionally coding (in the context 

15 of the subgenomic replicon of the alphavirus) for a 

heterologous protein or RNA; F, 3' end sequences 
required for replication of the recombinant RNA; G, 
Poly-A sequence (may be optional) ; H, eukaryotic tran- 
scription stop signal such as one derived from SV40. 

20 Figure 3: Alphavirus cDNA polynucleotide under the 

transcriptional control of a heterologous promoter and 
including a self -cleaving ribozyme sequence. A, a hete- 
rologous promoter such as pCMV, pRSV, SPG ; B, 5' end of 
alphavirus genomic RNA including sequences required for 

25 replication of said RNA; C, genomic region of alpha- 

virus nonstructural region encoding the replicase pro- 
teins nsPl, nsP2, nsP3 and nsP4 ; D, subgenomic promoter 
(26S) of an alphavirus; E, heterologous cDNA sequence 
functionally encoding (in the context of the subgenomic 

30 replicon of the alphavirus) a heterologous protein or 

RNA; F, 3' end sequences required for replication of 
the recombinant RNA; G, poly-A sequence (may be 
optional); H, eukaryotic transcription stop signal such 
as one derived from SV40. The ribozyme sequence is 

35 presented to be inserted between the Poly-A stretch and 

the transcription stop signal in such a way, that it 
when self -cleaved will generate the authentic 3' end of 
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a genomic alphavirus sequence. 

Figure 4: Self -cleaving activity in vitro of the * 
hepatitis delta ribozyme. Plasmid pSAl was used as 
template for in vitro transcription of RNA. The IRl^A 
products were analyzed by polyacrylamide gel electro- 
phoresis and autoradiography. 

Figure 5: Self -cleaving activity of hepatitis 
delta ribozyme in the context of the SFV RNA. (A) 
Plasmid pSFV-Hl -Delta with the ribozyme sequence 
inserted at position 5284. (B) Gel analysis of the in 
vitro cleavage products of RNA complementary to pSFV- 
Hl-Delta. Note that the uncleaved form and the 5' 
cleaved form of the primary transcript are so large 
(5502 and 5284 respectively), that they are not 
resolved on the gel and hardly migrate into the gel. 

EXAMPLE 1 

Self -cleaving activity in vitro of the hepatitis 
delta ribozyme 

pSAl (Nature, vol 350, pages 434-436, 1991) was 
linearized with BamHI before transcription. In vitro 
transcription was performed as described earlier (Jour- 
nal of Virology, vol 65, pages 4107-4113, 1991, Current 
Protocols in Molecular Biology, Unit. 16.20, 1994, 
Greene & Wiley Interscience) in the presence of ^^S-rCTP 
to label the RNA synthesized. After 60 min transcrip- 
tion, one fourth of the sample was frozen at -80°C. The 
rest was divided into three parts, of which the first 
was incubated at 56°C for 30 min in the presence of 25 
mM EDTA. The second was incubated at 37°C for 3 0 min 
without EDTA, and the third at 56°C for 30 min without 
EDTA. After incubation, all samples were analyzed on an 
8 % polyacrylamide sequencing gel with Tris-borate 
buffer containing urea (Current Protocols in Molecular 
Biology, Greene & Wiley Interscience) . The result was 
visualized by autoradiography. As shown in Figure 4, 
after 60 min of transcription, about 50 % of the full- 
length RNA synthesized (100 nucleotides) has already 
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been cleaved to a shorter product (85 nucleotides) 
(lane 1). Elevated temperatures are known to enhance ■ 
self -cleaving activity, whereas EDTA is inhibiting the 
same, since the reaction is de:.>-.ndent on magnesium ions 
5 (Nature, vol 350, pages 434-436, 1991). Lane 2 shows 

that no additional cleavage occurred even at 56°C when 
magnesium was chelated from the reaction by EDTA. In 
contrast, further incubation of the RNA at 37°C (lane 3) 
or at 56°C (lane 4) in the absence of chelating agent 
10 showed that self -cleaving activity was present and that 

the full-length RNA progressively was shortened to its 
85 nucleotide product. 

EXAMPLE 2 

Self -cleaving activity in vitro of hepatitis delta 
15 ribozyme in the context of the SFV RNA 

To test whether the ribozyme sequence can function 
in the context of a SFV RNA molecule, a DNA fragment 
corresponding to the hepatitis delta ribozyme sequence 
from pSAl was synthesized and cloned into the Hindlll 

20 restriction endonuclease cleavage site 5284 of Helper 1 

(Bio/Technology, vol 9, pages 1356-1361, 1991) to 
generate plasmid pSFV-Hl-Delta (Figure 5A) . The cloning 
was performed using standard techniques (Current Proto- 
cols in Molecular Biology, Greene & Wiley Inter- 

25 science) . The plasmid was then linearized with Spel and 

in vitro transcription performed as described in 
EXAMPLE 1. Half of the sample was frozen for control 
whereas the other half was further incubated at 56°C for 
an addi tonal 6 0 min. The samples were then analyzed by 

30 gel electrophoresis and autoradiography as described in 

EXAMPLE 1. The result is shown in Figure 5B . Lane 1 
represents the small cleavage product (167 nucleotides) 
generated during self -cleavage during transcription.^ 
When the transcripts have been incubated for an 

35 additional 60 min at 56°C (lane 2) , a marked increase in 

the 167 nucleotide species is observed, indicating that 
self -cleavage is progressing efficiently. 
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EXAMPLE 3 

Self -cleavage of hepatitis delta ribozyme in vivo 
in the context of an SFV RNA 

Plas'i.'.ds pSFV3-lacZ (Bio/Technology, vol S, pages 
1356-1361, 1991), pSFV-Helper 1 (Bio/Technology, vol 9, 
pages 1356-1361, 1991), and pSFV-Hl -Delta were 
linearized with Spel and RNA synthesized in vitro using 
SP6 RNA polymerase as described above. Immediately 
after transcription, EDTA was added to 25 mM and the 
RNAs put on ice. 20 /xl of the lacZ RNA was mixed with 
20 111 of Helper 1 RNA or with 20 or 40 |xl of Hl-Delta 
RNA (since self -cleavage occurs with up to 50 % during 
transcription, the doubling of the amount of Hl-Delta 
RBA was designed to compensate for the loss of full- 
length RNA due to this processing) . The mixed RNAs 
were then used to transfect baby hamster kidney cells 
(BHK) as described earlier (Bio/Technology, vol 9, 
pages 1356-1361, 1991), to prepare a virus stock via in 
vivo packaging of lacZ RNA into SFV particles 
(Bio/Technology, vol 9, pages 1356-1361, 1991) . The 
24 h supernatant of these cultures were then used to 
infect monolayers of BHK cells and after 16 h the cells 
were stained with Xgal to visualize expression of beta- 
galactosidase (lacZ protein) . Using different amounts 
of medium it was possible to determine the titre of the 
virus stock obtained from the in vivo packaging 
reaction. Only the Helper 1 RNA supported the 
production of an infectious stock, giving rise to a 
titre of 5 X 10*^ infectious particles per ml (a total of 
5 X 10^ particles from lo'^ transfected cells) . In 
contrast, neither of the experiments involving the Hl- 
Delta RNA produced any detectable virus. This shows 
that the self -cleavage of the ribozyme sequence present 
in the Hl-Delta RNA effectively removes the 3' 
sequences needed for RNA replication so that trans- 
complemention by the helper construct cannot take 
place . 
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EXAMPLE 4 

Expression of LacZ from a DNA/RNA layered vector 
according to Figure 3 

A plasmid constructed as outlined in Figure 3 using 
5 the CMV promoter and having as heterologous sequence 

(E) the gene encoding the beta-galactosidase protein of 
Escherichia coli was transfected into 10^ BHK-21 cells 
using Lipofectin (Life Technologies Inc. Gaithersburg, 
MD, USA) . Transfection was done according to 

10 recommendations from the supplier. For a control 

vector, the same LacZ gene was cloned as a BamHI 
fragment into the multicloning site of the pBK-CMV 
plasmid (Stratagene Inc., La Jolla, CA, USA). This 
plasmid expresses the beta-galactosidase gene directly 

15 from the CMV promoter. After 16 h incubation at 37^C, 

medium was removed and the cells were washed with PBS 
and fixed at -20°C for 5 minutes with 100 % methanol, 
followed by a new wash with PBS. Cells ware stained 
with Xgal {5-bromo-4-chlor-3-indolyl-beta-D- 

20 galactopyranoside) as described previously (EMBO 

Journal, vol 5, pages 3133-3142, 1986) . After staining, 
the control experiment showed LacZ expression (Xgal 
positive) in cells with a frequency of about 0.03. In 
the experiment using the DNA/RNA layered construct, the 

25 frequency of transfection was 0.005. Accordingly, while 

the frequency of transfection in this particular 
experiment was rather low for the DNA/RNA layered 
vector, the expression of beta-galactosidase was high 
judging from the Xgal staining. Therefore, this 

3 0 experiment gives proof of principle and general 

feasibility of this technology. 
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Claims 

1. A cDNA molecule complementary to at least part of 
an alphavirus RNA genome, which cDNA molecule comprises 
5 the complement of the complete alphavirus RNA genome 

regions, which are essential for replication of the 
said alphavirus RNA, and further comprises an exogenous 
cDNA sequence capable of expressing its function in an 
animal or human host cell, said exogenous cDNA sequence 
10 being inserted into a region of the cDNA molecule, 

which is non-essential to replication thereof, and said 
cDNA molecule being placed under transcriptional con- 
trol of a promoter sequence functional in said animal 
or human cell. 



15 



20 



2. The cDNA molecule of claim 1, wherein the said 
promoter sequence comprises cytomegalovirus immediate 
early promoter (pCMV) or Rous sarcoma virus long- termi- 
nal repeat promoter (pRSV) . 



3. The cDNA molecule of claim 1, wherein the said 
promoter sequence comprises a SPG, T3 or T7 promoter, 
the said cDNA molecule being intended for transforma- 
tion of an animal or human host cell, said host cell 

25 being pre-transf ormed with genes encoding SP6, T3 or T7 

RNA polymerase molecules, which genes are either inser- 
ted into the chromosome or remain episomal. 

4. The cDNA of claim 1, 2 or 3 , wherein the cDNA com- 
3 0 plementary to alphavirus RNA sequences is derived from 

Semliki Forest virus (SFV) RNA. 

5. The cDNA of any of claims 1-4, wherein the exqge- 
nous cDNA sequence encodes a protein or a polypeptide 

35 comprising an antigenic determinant, said protein or 

polypeptide being immunogenic or antigenic. 
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• 6- .The cDNA of any of claims I-4, wherein th. 
nous CDNA encodes a protein or . 

therapeutic activity P^lVPeptid.. having . . 

an antiLense ^ "^"^"^ ""^^ - 

8. The CDNA of any of claims I-7, wherein th. 
nous CDNA also comprises cDNA ^h.^ . 

molecul. w.... 5'^^^ ^ise to an RNA 

Which functions as a ribozyme molecule. 

9. The CDNA of any of claims 1-7, wherein th. 
nous CDNA insert carries a self .1 

ence flanking the 3 'end '"''-^'^^"^"^ segu- 
ing cne 3 end corresponding to the ^T,.v,= • 
or SFV genomic sequence. alphavirus 

eguences complementary to a S'terminal portion the 
coding region (s) for non-structural nro^- 
for RNA renl-io=^' '^ructural proteins required 

RNA repl cation, the subgenome promoter region and 
a 3 terminal portion of said viral RNA. 

12. The CDNA of any of claims l-n, wherein 

substitutina on. alphavirus subgenomic RNA 

cituting one or more nucleotides thereof. 

13. The CDNA of any of claims l-n, wherein th. * 
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nucleotides thereof. 

14. A method for achieving expression of the cDNA of 
any preceding claim in cultured animal or human cells 
or in an animal or human individual, said method com- 
prising contacting the cultured cells with the cDNA or 
introducing the cDNA into said individual, in a way 
that causes the cDNA to be taken up into the interior 
of the cultured cells or of cells of said individual 
and to express its function in said cells. 

15. The method of claim 14, wherein the cDNA is 
introduced into the cells as naked polynucleotide by 
transf ection, such as injection, electroporation or 
particle bombardment, or by transformation with the aid 
of adjuvants or means such as lipids, non-ionic poly- 
mers, microencapsulation or carrier-molecules causing 
receptor-mediated delivery. 

16. The method of claim 14, wherein the cDNA is 
combined with a virus carrier and is introduced into 
the cells by means of infection. 

17. The method of any of claims 14-16, wherein the 
cDNA is introduced into the interior of cultured animal 
or human cells by in vitro transformation such as 
transfection or infection, said method further compris- 
ing administration of the transformed cells into an 
animal or human individual to achieve expression of the 
said cDNA. 

18. The method of claim 17, wherein the transformed 
cells are administered as prophylactic treatment of 
diseases, such as infectious diseases or cancer. 

19. The method of claim 17, wherein the transformed 
cells are administered as therapeutic treatment of 
diseases, such as infectious diseases, cancer or meta- 
bolic disorders. 

20. The method of any of claims 14-17, wherein the 
cDNA, or the cultured cells comprising the cDNA, is 
(are) introduced into an animal to produce a product by 
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expression of said cDNA, which product can h 

from the animal and which nro^ \ . recovered 

is beneficial to thP . ^^^^h 

ericial to the individual animal, wherein ■ 
produced. wnerein it is 

21. The method of claim 20, wherein .v, 

product is secreted into a body f u , ''^^'^^^^^^-^ 
milk or ascites and i. ' 

fluid. " collection of said 

22. The method of claim 20 or 9i 

-ivity and .eccveradTn a td °!, 

milk. '^'^y ""i^. suc^h as 

23. The method of claim 20 wherein 

-in. collect: h?:: iT.-^^---' 

as «.ole .lood, .e„m o. ascUeV" ' '"'^ 

24. The method of claim on u 
=omp.i3es exo^ehou. JZZ^Z Tt 
-aht anti,„a o. i^ono^ens^e ^.o!::::! 
expre..ion of the cDm and recovered £ t, 
a .od fi„,,, ^^^^^ -om^the an.mal .n 

. ^ physiologically 

administrable form. 

26. The preparation of claim 

~ a iz::; 

polypeptide or protein comprisino an an. 
nant. which serves as tmmunoge L a„ "a 
aration, which preparation con titut! " 
P^ophylactic cr therapentic Ltt": I::::/- h 

as cancer or infectious diseases ^^^^^^es, such 

or polypeptide' L t e'^tr": ' 
preparation constituting I 21T " 

ting a therapeutic preparation for 
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treatment of diq^^^acoo 

. diseases, such as metabolic disorders 

infectious diseases or cancer. . .. 

28. The preparation of claim 25, wherein th. 

vidual. preparation to said indi- 

29. An animal or human cell cont^^.'nH 
^olecule according to an. of clair . .7 ^ 

int^odu::: t: :L"r "^^"^ ^-n 

^e.hod Of claL o rtTac?^^" 

cDNA. ° ^""^'^^^ expression of said 

32. The method of claim 17-I8 or 19 who • 
transformed cells are no • ! ""^^ 

29 or 30. °^ the cells of claim 

33. Use Of the cDNA of any of the claims I-13 in 

34. Use of cultured human or animal cell. ^. . 

in Vitro With the cDNA of any of claiL ^"^'^^^^^ 

19. '"^^ °f claim 17, is or 

35. The use in accordance with claim 34 k • 
transformed cellc ^r-. . ' ^^^^ein the 
29 or 30 ""'^'^^^^ -^^^ Of claim 



36. An RNA molecule obtained by transcr^n^■ ■ * 
Of the CDNA Of any of claims l-Jin TnTZ l 
cells in a cell cult„r. • ^""'"^•'^ 
ir.^- ■ • culture or in an animal or human 

indiviaual . 'luman 
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